A device was adapted to allow for time-integrated sampling of fluid from the rumen via a cannula. The sampler consisted of a cup-shaped ceramic filter positioned in the ventral rumen of a cannulated cow and attached to a tube through which fluid entering the filter was removed continuously using a peristaltic pump. Rate of ruminal fluid removal using the device was monitored over two 36-h periods (at 6-h intervals) and was not affected ( P > .05) by time, indicating that the system was not susceptible to clogging during this period. Two cows having ad libitum access to a totally mixed ration were used in a split-block design to evaluate the utility of the system for obtaining time-integrated samples of ruminal fluid. Ruminal fluid VFA concentration and pattern in samples collected in two replicated 8-h periods by the time-integrated sampler (at 1-h intervals) were compared with composite samples collected using a conventional suctionstrainer device (at 30-min intervals). Each 8-h collection period started 2 h before or 6 h after feeding. Results indicated that total VFA concentration was not affected ( P > .05) by the sampling method. Volatile fatty acid patterns were likewise unaffected ( P > .05) except that acetate was 2.5% higher ( P < .05) in samples collected 2 h before feeding and valerate was 5% higher ( P < .05) in samples collected 6 h after feeding by the suction-strainer device. Although significant, these differences were not considered physiologically important. We concluded that use of the ceramic filter improved the sampling of ruminal fluid by simplifying the technique and allowing time-integrated samples to be obtained.
Introduction
The dynamics of ruminal digestion require the fermentation pattern to be closely monitored to properly evaluate the nutritional value of diets. Thus, ruminal fluid sampling methods are important in the estimation of microbial activity and nutrient availability (Stober and Tiefenbach, 1958; Keindorf, 1974) . Samples of ruminal fluid can also be used in the diagnosis of metabolic disorders and latent or clinical conditions affecting digestion and animal well-being (Poulsen et al., 1988) . Factors limiting our understanding of ruminal fermentation include lack of appropriate sampling methods and inadequate descriptiosn of those used (Russell and Hespell, 1981) . Several factors complicate ruminal sampling; most arise from the heterogeneous nature of ruminal contents and the dynamics of fermentation. A sample representative of the rumen is best collected under standard conditions in relation to time of feeding (Smith et al., 1956 ) and location (Smith, 1941; Bryant and Robinson, 1968) , preferably from the center or ventral ruminal sac (Poulsen et al., 1988) . Samples should also be taken at various times to account for diurnal changes or patterns (Leedle et al., 1982) .
Conventional methods of collection may not produce representative samples, and methods able to provide representative samples are often impractical. The most common approach is to manually sample fluid from a ruminally cannulated animal using a suctionstrainer device. This technique is labor-intensive, and subsampling of several sites is often necessary to obtain a representative sample. Similar problems have existed in the sampling of springs and streams. To overcome them, Panno et al. (1998) developed a seepage sampler to collect time-integrated representative water samples via a permeable ceramic filter. Because this technique seemed promising, the objective of this study was to evaluate the utility of a ceramic filter for obtaining time-integrated samples of ruminal fluid. 
Materials and Methods
Assumptions. The assumptions associated with this technique were that the filter was not susceptible to rapid clogging and that the filter would not interfere with normal function of the rumen. We also assumed that the ventral region of the rumen would be the most appropriate location for the device to benefit from mixing during ruminal contractions and, therefore, would provide a representative sample of ruminal fluid.
Preliminary Observation. A preliminary study evaluated the rates at which water passively entered two cup-shaped porous ceramic filters (Soil Moisture Equipment Corp., Santa Barbara, CA) vented to the atmosphere. A filter was desired that allowed water to enter at approximately 5 mL/min so that water could be removed from inside the filter faster than its entry rate into the filter. Thus, an in-line peristaltic pump was adjusted to keep air entering a sampling tube placed in the filter. The larger filter had a diameter of 4 cm, a length of 19 cm, a wall thickness of .5 cm, and a pore size of 6 mm (Soil Moisture Equipment part number 652X18-B.5M2). The smaller filter measured 2.2 cm in diameter, 6 cm in length, had a wall thickness of .2 cm, and a pore size of 6 mm (Soil Moisture Equipment part number 652X01-B.5M2). Both filters had a saturated hydraulic conductivity of 3.11 × 10 −5 cm/sec. The preliminary study indicated that the smaller filter was more appropriate because water entered the larger filter more quickly than desired.
Sampling Devices. The time-integrated sampler consisted of the smaller cup-shaped ceramic filter (Soil Moisture Equipment), two outer (50 cm long × 2 cm diameter) polyvinyl chloride ( PVC) tubes fused and molded at an angle, one inner and one outer plastic tube, three clamps, a ruminal cannula cover, and a peristaltic pump (Rabbit, Rainin Instrument Co., Woburn, MA). The device is shown in Figure 1 . The filter was connected to an outer plastic tube (via a clamp) that traveled through the outer PVC tube. This allowed the filter to be easily removed for cleaning and inspection. The outer plastic tube was tethered outside the rumen to prevent it from being moved during ruminal contractions. The outer PVC tube traveled from the filter through the cannula cover and maintained the filter in the ventral rumen while securing the outer plastic tube. Thus, the filter was inserted into the ventral rumen by closing or replacing the cannula cover. The inner plastic tube, through which filtrate entering the filter was removed continuously, traveled from the inside base of the filter through the outer plastic tube and via a peristaltic pump into a collection vessel. The inner tube was kept in place using small clamps inside the outer plastic tube. It is important to emphasize that the peristaltic pump was not responsible for the flow of fluid into the filter but for removing fluid that passively entered the filter. Ruminal fluid flowed into the filter due to the natural pressure gradient existing in the ventral rumen and not as a result of an external source of vacuum. Ruminal fluid samples were also collected using a suction-strainer device, which consisted of a PVC tube (50 cm long × 1.6 cm o.d. × 1.2 cm i.d.) with holes in it, a flask, and a manual suction pump (Figure 2) . A composite was made from sampling the central, caudal ventral, and dorsal locations of the rumen.
Experimental Procedures. Study 1 used a ruminally cannulated lactating Holstein cow having ad libitum access to a totally mixed ration ( TMR) offered twice daily. The TMR consisted of corn silage, alfalfa haylage, and a ground corn and soybean meal-based concentrate mixture (at a ratio of 25:25:50 on a DM basis). The time-integrated sampler was placed in the ventral rumen of the cow for two 36-h periods (with 6-h collection intervals) to determine the rate of ruminal fluid uptake and, in the process, the susceptibility of the filter to clogging. During these periods, observations were also made concerning ruminal fluid uptake during standing and laying.
In Study 2, two nonlactating Holstein cows (fitted with permanent ruminal cannulas) were used in a split-block design to determine the utility of the timeintegrated device for collecting ruminal fluid samples representative of the dynamic fermentation environment. The cows were given ad libitum access to the same TMR used in Study 1, but it was offered once daily. Sampling was evaluated by comparing the VFA concentration and their pattern in ruminal fluid collected by the time-integrated device to data collected using the conventional suction-strainer device.
Ruminal fluid sampled by both methods was collected in two replicated 8-h periods. Each 8-h collection period started 2 h before (to cover the period of rapid fermentation) or 6 h after feeding. Samples were collected continuously at 1-h intervals with the timeintegrated method, and samples were collected every 30 min with the suction-strainer device. The 30-min collection interval used for the suction-strainer device allowed 1-h composite samples to be collected and compared with those from the time-integrated device. Thus, this allowed us to determine whether the time-integrated sampler provided an accurate estimate of the overall ruminal fermentation environment with respect to time.
Immediately following collection, all suctionstrainer samples were placed in ice water to stop fermentation, then mixed and subsampled (50 mL) for VFA analysis. Ruminal fluid collected by the timeintegrated sampler was acidified with 15 mL of 25%-metaphosphoric acid as it entered the collection vessel. The collection vessel was stored in ice water. Subsamples (50 mL) from the suction-strainer device were stabilized by the addition of 15 mL of 25%-metaphosphoric acid. All samples were filtered through four layers of cheesecloth and centrifuged for 20 min at 20,000 × g and −15°C. The supernatant was transferred to two 1.5-mL microcentrifuge tubes and frozen overnight at −20°C to precipitate soluble protein. Samples were then thawed to room temperature and centrifuged again (20 min at 20,000 × g and −15°C). The VFA concentrations in the supernatant were determined using a Vista 44 gas liquid chromatograph (Varian, Walnut Creek, CA) and 2-ethyl butyric acid as an internal standard (Olsen and Mathiesen, 1996) .
Statistical Analysis. Methods were compared using the GLM procedure of SAS (1990) for a split-block design. The model included the effects of method (main plot), period (subplot), time (block), method × time interaction, and period × method interaction as the error term for method. Period was defined as the 8-h collection sequence starting either 2 h before or 6 h after feeding. If a significant ( P < .05) F value was detected for a main effect, comparisons were made using Tukey's Test (Steel and Torrie, 1980 ) to detect differences between methods.
Results and Discussion
The rate of ruminal fluid uptake by the timeintegrated sampler averaged .359 ± .006 mL/min over the two 36-h periods and was unaffected ( P > .05) by time. Sampling occurred while the animal was standing and laying down. There were no visible signs of discomfort or any indication that ruminal contractions were altered. The consistency of uptake observed for the time-integrated sampler indicated that it was not susceptible to clogging during this test period and that position of the animal (laying or standing) did not influence uptake.
Total VFA concentration in the ruminal fluid samples collected using the time-integrated sampler did not differ ( P > .05) from that for samples collected using the suction-strainer device (Table 1) . Molar proportions of propionate, butyrate, isobutyrate, valerate, and isovalerate in samples collected from 2 h before feeding were similar ( P > .05) between methods, but acetate was 2.5% higher ( P < .05) in samples collected with the suction-strainer device. Molar proportions of acetate, propionate, butyrate, isobutyrate, and isovalerate in samples collected from 6 h after feeding were unaffected ( P > .05) by the sampling method with the exception of valerate, which was 5% higher ( P < .05) in samples collected with the suction-strainer device. Although significant, the small differences were not considered physiologically important and may represent a type I error resulting from the large number of comparisons made.
Advantages associated with the time-integrated sampler were that it allowed ruminal fluid samples to be collected under standard conditions in relation to feeding and location in the rumen, and it accounted for diurnal changes or patterns. Labor-intensity was also less than that required to collect samples using the suction-strainer device. The sampling rate was adequate to support varied and repeated chemical analyses, but not so fast that the dynamics of ruminal fermentation were adversely affected. Ruminal fluid samples collected using this method did not require filtration with cheese cloth before VFA analysis, although filtration was conducted to ensure that samples collected by both methods were treated the same. Most particles were removed as the fluid seeped into the filter with 6-mm pores. The tube did not clog during sampling, and manipulation of the device was not required to obtain continuous or repeated samples.
A small dead volume in the inner plastic tube allowed rapid stopping of fermentation and less exposure to air than comparable methods. The method was adaptable to automatic sampling. By coupling the peristaltic pump to a fraction collector, composite samples integrated over arbitrary time periods could be obtained automatically. This provides significant labor savings. This method could also be adapted for ambulatory or remote sampling by attaching a battery-operated peristaltic pump to the device. Ambulatory and remote sampling of ruminal fluid would be valuable in evaluating ruminal fermentation in wildlife or free grazing situations.
The similarities in VFA concentration and molar proportions obtained with the two methods used in this study indicate that placement of the timeintegrated ruminal fluid sampler in the ventral rumen was appropriate and that the time-integrated samples obtained with the device were representative of the ruminal environment.
Implications
A technique for obtaining time-integrated samples of fluid without repeated entry into the rumen was developed. This method simplified the collection of ruminal fluid and produced samples representative of overall ruminal fermentation, providing a promising alternative to conventional sampling techniques. This method may be useful for investigating factors affecting the dynamics of ruminal fermentation and may also help in the identification of variables associated with various metabolic diseases.
